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Part I
1. Taking the motion to the right as positive and downwards motion as negative,
s 1
veos30® = — = =
t

1
—s = —v(sin307)t — 59122

Hence, 1 = v(sin30°)t + %gtz. and v(cos30°)t =1

Rearranging and dividing,

v(sin30°)t 1 ltg
v(cos30°)t 99"
1
Hence, tan30° = 0.5774 — 1—5(9.8[})(159)

Hence, t = 0.2936s

Substituting t = 0.2936s into Eqn. (1), vcos30° = —L— = 0.8660v. Hence, v=3.933 ms~'.

T 0.2936

1
2

From the conservation of energy, 1muv? = mgh. Hence, h = 0.7892m

2. (a) Please refer to the diagram on the next page.

1. fi = mmg, N1 =mg
1. fo < pusMg, Ny = Mg

(b) The equations are F' — f; =ma and f, — F = Ma
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Figure 1: Forces on the sledge and the person for Question 2(a)(i) and 2(a)(ii)



6.

Figure 2: Reference diagram for Questions (6)(b) to (6)(e)

Since Ty = mg, 300Hz (2L)= , /2. From p = ¥,

M

600z (L) = o/ PAV49 _  [2100Vaig) , o,
2 z

After half of the load is submerged in water, we have the tension on the string Ty = mg—B. If f’

the fundamental frequency after the submersion, then 2f'L = % From B = p,Vi,g and V,, =
Vai/2,

T = paiVaig — puVug = [(2700V41) = (IOOUVw)]Q = 2200(Vai9)

2200V g 2f'L \/m
W I == =
Hence, 2f'L \/;i,E +and Eao(T) ~ V 270

21" = 0.9027 x 600Hz, and f’' = 270.8Hz = 271Hz

Part 11
(a) For the binary stars, gravitational force = centripetal force
GM? GM? 21y 2
_ = Mrw? = = r(—ﬁ)
(2r)2 4r? T
3
Hence, T'=4r
GM
(b) Let d= distance of each of the binary stars to m, and gravitational potential U = %
Given, d = V2% + r?
Gravitational ol . £ the binarv - I _ —GMm
ravitational potential energy of any one of the binary stars on m, Uy, = \/ﬁ
S : —GMm
Hence, total gravitational potential energy, U, = Q(W)



(c) Taking the upwards and the right directions as positive (as shown in diagram),

- —-GM - —
the force of M4y onm, Fy = Tm(cos 67 + sin6i)
- —GMm - E
the force of Mg on m, Fi = T(COS A7 — sinfi)
.
Hence, cosf = i T
s - - —2GMm o —2GMmzx -
F=Fs+Fp= —5 cosfj = 7@.2 = -r2}3‘}
The nega_,tive sign indicates that the attraction is in the downwards direction, towards O.
Hence |F| —_ _2GMmzx
%] \/(12+r9)3

(d) i Porz>r s?+rdar

—2GMm - 2GMmaz —2GMm ~  2GMmz
SinceU = ———=and |[F|=—F———=, U~ ——and |[F| ~ ——.
(2 +12) V(@2 +12)3 * .
ii. When z =0, 22+ r? = r?. Hence, U = —26M™ 4pd |F| = 0.
(e) F = 7\/273222%3 Given F = ma = maw?, a = 7%(3;‘15:2)3 = —w?z. Since r >z, a = ’(f/%;f =
—w?z (SSH.M.)
s 2GM 27y 2 . 7
Hence, w? = -r; = (?’E) , and rearranging, T' = 27 QC;MF

(a) Surface area, A = surface area of endcaps + surface area of curved portion =A; + A,.

A; = 2(area of each endcap) = 27 R?, while Ay = 27R x R = 21 R®
A 1
Hence, A, =3

Since the can has uniform thickness, the distribution of mass is also uniform. Hence, mass at
endcaps, my = ‘%(ﬂa’ ) = %JM and mass of curved portion, my = % — %Mr .

Since the endcaps can be treated as disks, I; = 1m;R?. Hence, I; = %(%ﬂ-’[ ) R?=1MR%.
For the curved portion, given that R >> f, it can be treated as a cylindrical shell. Hence,
I, = myR?, and the inertia of the whole object, I = I; + I, = %ﬂi{ R

(b) Referring to the diagram shown,

Mgsin20° — f = Ma
R x f=1Ia, witha = Ra.Hence, R x f= I(%)
Given that T — %MRQ, Rxf — %MRQ(%) — %MRQ. Hence, f — %M’a



Mg cos 20° mg sin 20°

Mg

Figure 3: Diagram for Question 7(b)
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Figure 4: Diagram for Question 7(c)
Substituting f = %M’a into Mgsin20° — f = Ma:

Ma, and a = 1.915ms >

|

3
Mg sin 20° — ZJMG = Ma. Hence, gsin 20° =

e, Ty .. 1 .
Using s = ut + Eat{ where, u =0,s = §at2 =2m, 2m = 5(1.9151115_2)(1‘2)
Hence, t = 1.445s = 1.45s

(c¢) Note: the can is rolling backwards with respect to the block.

For M. f = Ma,, Rf = Ia, while for m, F' — f = ma,. Together, as — a;
3 ; 3 ? 3
Solving, Rf = Iao = RMa,, where [ = Zﬂ-ﬂi’z. Hence, BEMa; = Zﬂ-ﬁi‘za‘ and a; = ZR(}‘

3
From Ra = as —aq, a1 = 1((12 —ay). Hence, Tay = 3a,
From f— Maj, = ﬂf(%a.g)

3
Hence, F' — f =may = F — ?ﬂ’fﬂ.g = Mas

Hence, F = (%M + m) az, and ay = %

From a —ﬁa a; = ==

NN T M Y Tm

Since az — ay = Ro, o = (az — (’“1)(%) - (SAIjl—P:(m)R



0

(a)

i

1.

Using the conservation of momentum,
maty = Mmev§(cos 30°) + mpv;{(cos 30°) + mavy,
where v, = final velocity of m4. Also from the conservation of momentum,
0 =myvasina + mpr;sin30° — mevy sin 30°
where a is the angle between v4 and the horizontal (as shown i the question paper).
Hence, & = 0° or oo = 180°

This means that object A will travel along the horizontal after the collision. Given,
my =mpg = mMmg.

vy = 205 c0830° +v4 = 10ms 1 — 1.732vy +va, and vy = 10ms 1 L.732v;

il

From the conservation of energy, +m 4 (v0)? — émgt;:;f + %’mct: 7

simplified to be v = 20} + 0% = (10ms™")%
Substituting v4 = 10ms™" — 1.732v; into v} = 100m>s™ — 2u7:

+ imy(va)?, which can be

(10ms™! — 1.73207)* = 100m?s 2 — 207 = 100m*s~? — 10ms™1(2)(1.732v) + 30}

llence, — 34.64ms™! = —3wp, and v; = 6.928ms™! = 6.93ms™!

From 8(a)(i), va = 10ms™! — 1.732vy, v4 = —2.00 ms™?, since v; = 6.93ms~!. Hence,
the direction of v,4 is in the negative x-direction (as indicated by the negative sign), if the
direction of vg is taken to be positive.

For elastic collision, the relative velocities, v has the relationship v,pmanen — Useparation-

Up — 11
Uy — Uy = Uy (4)

where, v; —final velocity of m, after collision. v, —final velocity of m, after first collision
(and also the initial velocity for the second collision ), v =linal velocity of 1y alter second
collision, and v3 = final velocity of mg after second collision. Using the conservation of
momentim,

MV = My¥1 + Mol (5)

Mayva = Myl + M5u3 (6)

Hence, mivy = myvy + mgv; - Mty

From vg — v — vy, My¥y — Myy + M3ty — V) + M3v3

M tip — TV + Mot
Mo + 1My

Rearranging, vg3 =
Multiplying Equation (3) with my : myvs — miv; — myt (7)
Adding Equations (5) and (7): mvg | mavs = 2m,vg

6



2my
Hence, vo = ——p (8)
My + Mo

Multiplying Equation (3) with my : maovy — mevy = maty (9)

Equation (5) - Equation (9): (m; — mg)ug = (g + ma)vy

my — My

Hence, v = ——y (10)
my + Mo
Substituting the results in (8) and (10) into vy = o=t tmab; .
ma-+ms
my(my + may) — my(my — my) + ma(2my) 4mymes
Vg = Up = Vo

(my + ma)(msa + ma) (mq + ma)(ma + ma)

ii. To obtain the maximum wvalue of vg, differentiate vy W.r.t. ms.

dvs (my + ma) (Mg + ma)(dmyvy) — 4???1??1‘2-2)0%%(1711 + mo)(ma + ma)
dm, [(my + ma)(ma + m3)]?
(my + ma)(ma + ms3)(dmyvg) — dmymave(my + 2ms + mg)
[(m1 + my)(mg +m3)]?

. dv, .
For the maximum .~ = 0. Hence, for the maximum value of vs,
2

(my + ma)(ma + ma)(dmyvg) = dmymavg(my + 2ms + ma)
myMe + MMy + "mg + Moty = M1Mo + 2?713 -+ Moy

MqMmy = m%, and me = \/myms



